ABSTRACT
Introduction
Recently we have reported the production of mink growth hormone (mGh) in E. coli using recombinant DnA technology (9) . the production of large quantities of mGh might be useful for scientific investigations of mGH effect on mink in vivo and availability in fur industry. however, mGh was expressed as an insoluble protein and accumulated as inclusion bodies. thus, the additional refolding step had to be implicated in the recovery process of bioactive mGh. in common, the process of protein refolding from E. coli inclusion bodies is complicated and unpredictable. the choice of refolding conditions is a trial and error process (4, 11) , and the additional step in the protein production increases its costs. therefore, the biosynthesis of soluble recombinant protein is desirable. the cultivation of recombinant strains at reduced temperatures is one of the known methods to minimize the aggregation of target protein (12) . to our knowledge, Schein and Noteborn are the first who have demonstrated the possibility to increase the fraction of soluble recombinant protein by lowering the cultivation temperature of genetically engineered E. coli. human interferon-a2, human interferon-g and the interferon-induced murine protein Mx were all found in aggregates when they were produced in E. coli grown at 37 o c. however, at growth temperature of 23-30 o c, 30-90% of the recombinant protein was soluble (7).
Here we report that the significant lowering of E. coli cultivation temperature increases the solubility of mGh, but the simultaneous decrease of the inducer concentration do not reinforce the effect of temperature under the cultivation conditions that were used in our experiments.
Materials and Methods
Microorganism cultivation E. coli strain Bl21 (De3) harboring a pet21a+-based expression vector (novagen) was used for mGh expression. the vector contains a strong phage t7 promoter and mGh gene coding polypeptide whose sequence refers to P19795 (amino acids 27 to 216) in Swiss-Prot database. the cells were grown in 1-L flasks in 500 mL of the medium (10 g/L casein hydrolysate, 5 g/l yeast extract, 10 g/l nacl) supplemented with 50 µg/ml of ampicillin at 20 o c or 30 o c with shaking at 200 rpm. to produce inoculum, 400 µl of culture conserved in lB medium containing 15% of glycerol was reactivated overnight in 20 ml of lB medium supplemented with 50 µg/ ml of ampicillin with the shaking at 200 rpm. expression of mGh was induced at oD 600 ≈0.8 by adding into the medium IPTG solution to the final concentration of 1, 0.5, 0.1 or 0.01 mM.
Analysis of target protein expression
For the analysis of the total expression level of mGh, culture volumes of 1 ml were taken at 16 and 22 h after induction. cells were harvested by centrifugation at 10500 × g for 10 min, and cell pellets were suspended in 0.1 ml of te buffer (10 mM tris, 1 mM eDtA, ph 7.4) with 1% SDS and heated at 95 o c for 5 min. then, the solution was diluted two times and mixed with fourfold concentrated gel sample buffer. Samples were heated at 95 o c for 5 min and loaded on SDS-PAGe gel. For the examination of the target protein solubility, the culture volumes of 50 ml were taken at 16 and 22 h after induction, and the cells were centrifuged at 10500 × g for 10 min. the cell pellets were suspended in 15 ml of te buffer and sonicated 5 min on ice using a Sonics Vibracell VcX 750. PMSF to a final concentration of 1 mM was added just before the sonication. the suspension of disrupted cells was centrifuged at 15000 × g for 10 min, and the supernatant was collected. Samples of supernatant (the fraction of soluble cellular proteins) were mixed with fourfold concentrated gel sample buffer, heated at 95 o C for 5 min and finally loaded on SDS-PAGe gel. For the analysis of the fraction of insoluble cellular proteins the pellets after cells disruption and centrifugation were suspended in 0.1 ml of te buffer with 1% SDS and heated at 95 o c for 5 min. then, the solution was diluted two times and mixed with fourfold concentrated gel sample buffer.
SDS-PAGe was carried out according to the method of laemmli (3) . the acrylamide concentration of the resolving gel was 15%. Proteins were stained with PageBlue ™ protein staining solution (Fermentas). the gels were scanned and the percentage of mGh was estimated using the Un-ScAn-it software.
Immunoblotting immunoblotting procedure was carried out using the Biometra Fastblot B33/B34 unit and immobilon-P transfer membrane (Millipore). Mink growth hormone was detected using the solutions of porcine growth hormone antibody-horseradish peroxidase conjugate and substrate tetramethylbenzidine (Diagnostic Systems laboratories, inc.).
Results and Discussion
Previously, we found that the cultivation of E. coli at 37 o c results in mGh accumulation as insoluble aggregates (9) . Moreover, the decrease of cultivation temperature to 30 o c had no positive effect on mGh solubility in cells. A total expression level of mGh was equal to 19 and 23% at 120 and 160 min, respectively, after induction with 1 mM iPtG (Fig. 1) . no soluble mGh was found in the fraction of soluble cellular proteins. the SDSPAGe analysis shows the increasing amount of mGh in the fraction of insoluble cellular proteins during the fermentation (Fig. 2, lanes 2-4) , but no significant changes were observed in the fraction of soluble cellular proteins (Fig. 2, lanes 5-8) . therefore, to increase the solubility of mGh, we cultivated E. coli cells at 20 o c and induced the target protein with different concentrations of iPtG ( Table 1) . if the biosynthesis of mGh was induced with 1 mM of iPtG and the cells were grown approximately 20 h after induction, the total expression level of mGh at 20 o c was comparable with one at 37 o c (duration of cultivation after induction was 120-200 min) (9) . however, at the low cultivation temperature of 20 o c some amount of soluble mGh was detected (Table 1 and Fig. 3) . in order to verify that the new protein band in the lanes of electrophoregram after induction corresponds to mGh we performed immunoblotting analysis (Fig. 3B) . At the high concentration of inducer (1 mM) the percentage of soluble mGh decreased with the prolongation of cultivation time. that conclusion follows from the densitometry analysis of electrophoregrams of soluble cell fraction as well as from the immunoblotting (Table 1 and Fig.  3) . the model describing that in cells soluble proteins fractions are in a dynamic equilibrium with aggregates has previously been proposed (1, 2, 8 ). In accordance with it we can speculate that for some reasons the equilibrium was shifted towards the formation of aggregates with the prolongation of cultivation time. Probably, at the high inducer concentration some soluble aggregates of the recombinant protein had been formed and later they were trapped into inclusion bodies. Previously, the formation of soluble aggregates for some fusion proteins was also described (5, 6). to minimize cell stress response and to increase the amount of soluble mGh we used an approach which was previously proposed and useful for diffi cult recombinant proteins (10). We combined low cultivation temperature with slow rates of the recombinant protein accumulation lowering the concentration of inducer even to micromolar range. however, it had no signifi cant infl uence on mGH solubility ( Table 1) . The results confi rm once more that the choice of approach for getting soluble target protein is a trial and error process. expression conditions suitable for one target protein do not work for another one. the decrease of inducer concentration to micromolar range which helps for expression of some diffi cult proteins in their soluble form (10) is not appropriate for mGh.
Conclusions
in conclusion, the low cultivation temperature of 20 o c increased the solubility of mGh. however, the simultaneous decrease of the inducer's concentration did not reinforce the effect of temperature. therefore, mink growth hormone has a strong tendency to form aggregates. now a new approach based on several earlier or recent observations has appeared. the aggregation of proteins expressed in E. coli is supposed to be a sequence selective process driven by certain "hot spots" within the protein sequence (13, 14) . the propensity of mGh for interaction could also be specifi c sequence-dependent.
